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The relationship with Sudhaus 
has been enormously important and 
allowed us to establish a phylogeny for 
a bunch of closely related nematodes 
with differently shaped tails. The 
phylogeny tells us the direction of 
the evolutionary changes and shows 
that the same kind of morphologies 
evolved multiple times. Based on a 
lot of developmental genetics and 
recently, genomics, we now have 
a pretty good idea of the principal 
genes involved in C. elegans male 
tail morphogenesis. Some of these 
genes are indeed the kind that Gould 
imagined — they are responsible for 
regulating the timing of particular fates! 
But there are other kinds of genes as 
well. The challenges for the future are 
to figure out how these genes interact 
to regulate morphogenesis. Then we 
can use these genes to see how the 
genetic architecture has been altered 
in the other nematode species. These 
studies may not tell us precisely how 
our ancestors’ DNA changed to make 
us human. But, along with the exciting 
work of others in the field, we hope it 
will lead to a general model for how 
evolution works with development to 
make different forms.
Would you recommend a scientific 
career to a student these days?  
Science is nothing quite like I had 
envisioned as a kid, of course. I could 
not have foreseen the petty politics, the 
frustration of the grant-writing treadmill, 
the difficulties of managing a lab 
composed of diverse personalities, the 
time drain of committee work and peer 
review duties, the endless demands 
of students, and the struggle to find 
blocks of time just to think about a 
problem. Fortunately, many interesting 
intellectual challenges still abound. 
Reflecting back on that electrically 
stimulating New Year’s Eve, however, 
it is clear that the first motive force 
propelling me into science was not 
just intellectual. It was physical and 
emotional, an intense intimacy with 
a new phenomenon, like a first love. 
Every once in a while, a surprising new 
discovery or a successful experiment 
will reignite my sense of wonder and 
joy, or the look of sudden understanding 
will light up a student’s face in the 
classroom. And then it is all worth it.
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event — usually a mutation, or a gene 
recombination — enables the precursor 
(tail or fin buds in these examples) to 
continue developing beyond the bud 
stage, often resulting in a functional 
structure. Extant horses, for instance, 
have a single toe on each foot with a 
splint bone on either side. In horses 
with three toes — an atavism reflecting 
the three toed ancestral condition — the 
additional toes can be fully functional, 
all the necessary muscles and nerves 
having developed in response to the 
presence of the atavistic toes. The 
three-similar sized toes are clue to 
the process: in larger limb buds, the 
primordia of the side toes (normally 
splint bones) developed and grew at a 
similar rate to the middle toe, enabling 
three toes to form.
What causes atavisms? Apart from 
individual environmental disturbances, 
mutations resulting in atavisms are 
known. Excessive facial and upper body 
hair in humans (hypertrichosis) can be 
so extreme as to cover almost the entire 
body with hair. The causative mutation 
has been mapped to Xq24-q27.1 in the 
X chromosome, although the gene has 
not yet been identified. We see that, 
provided the gene regulatory pathway 
is present, a mutation can provide 
a sufficient signal to reactivate the 
pathway leading to the formation of the 
atavistic feature. Atavisms tell us that 
genetic information may be retained 
but not expressed in the phenotype 
for many generations. An enormous 
amount of variation is therefore present 
to be (re)activated given the appropriate 
signaling event.
Where can I find out more? 
Atavisms. Encyclopedia of Evolution (M. Pagel, ed. 
in chief), 2002, Volume 1, pp. 86-87. (New York: 
Oxford University Press.)
Figuera, L.E., Pandolfo, M., Dunne, P.W., Cantu, 
J.M., and Patel, P.I. (1995). Mapping of the 
congenital generalized hypertrichosis locus 
to chromosome Xq24-q27.1. Nat. Genet. 10, 
202–207.
Hall, B.K. (1984). Developmental mechanisms 
underlying the formation of atavisms. Biol. Rev. 
Camb. Philos. Soc. 59, 89–124.
Hall, B.K. (1995). Atavisms and atavistic mutations: 
evolutionary conservation of genetic and 
developmental information. Nat. Genet. 10, 
126–127.
Shubin, N.H., Wake, D.B., and Crawford, A.J. 
1995. Morphological variation in the limbs of 
Taricha granulosa (Caudata: Salamandridae): 
Evolutionary and phylogenetic implications. 
Evolution 49, 874–884.
Zander, R.H. (2010). Taxon mapping exemplifies 
punctuated equilibrium and atavistic saltation. 
Plant Syst. Evol. 286, 69–90.
Department of Biology, Dalhousie University, 
Halifax Ns Canada B3H 4J1.  
E-mail: bkh@dal.ca
Atavisms
Brian K. Hall
What are atavisms? An atavism 
is the occasional re-appearance in 
individual species members of a single 
generation of a character — a structure 
or behaviour — that is present in all 
ancestors within the lineage. The 
word comes from the Latin atavus 
meaning an ancestor further back 
in time than a great-grandfather’s 
grandfather. Atavisms also are known 
as evolutionary throwbacks, reversions, 
or the reappearance of ancient 
characters. Because their appearance 
is unexpected, atavisms appear to be 
new but really are the manifestation of 
an old character, the developmental 
and genetic basis of which has been 
retained in ancestors without being 
expressed as a character. 
How do we identify an atavism? By 
definition, atavisms can be identified 
only in a lineage for which we know 
the evolutionary history. Thus, when 
the patterns of articulation of the wrist 
bones in all the individuals from a single 
Californian population of the rough-
skinned newt, Taricha granulosa, were 
analyzed, two of the eight patterns were 
found to be atavistic — these patterns 
in a few individuals were found in all 
members of an ancestral species.
Other examples of atavisms? The 
occasional presence of a tail on a new-
born human is an atavism because 
human ancestors are known to have 
had tails. Likewise, the occasional 
formation of hind fins in whales or 
dolphins or of fore- and hind limbs in 
snakes can be identified as atavisms 
because cetaceans and snakes have 
ancestors with fore- and hind limbs. 
How do atavisms arise? Implicit 
in the identification of a character 
as an atavism is that the ancestral 
developmental and evolutionary basis 
for the character has been sufficiently 
preserved that we can identify the 
character as an atavism. Also implicit 
is that a precursor of the atavism 
must be present as developmental 
programme or rudiment in all individuals 
but normally not progress far enough 
to produce the character. Finally, an 
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